During 2014, we prospectively enrolled non-dialysis patients aged ≥65 years, and all participants underwent spot dipstick urinalysis on admission, divided into 3 groups according to the results (none, trace to 1 + , and 2 + or higher); functional status was evaluated using the pre-morbid and in-hospital Barthel index (BI) scores. Of 136 community-dwelling elderly patients enrolled (age 80.7 ± 8.2 years, with 19% having CKD), 17%, 57%, and 26% had no, trace to 1 + , or 2 + or higher proteinuria. Overall pre-morbid, on-admission, and on-discharge BI scores were 50.4 ± 41.9, 38.6 ± 31.8, and 38.7 ± 35.3, respectively with significant negative correlations with proteinuric severity on admission. Finally, multivariate linear stepwise regression analysis with backward variable selection found that dipstick proteinuric severity was significantly associated with pre-morbid, on-admission, and on-dischrage BI scores (p = 0.048, <0.01, and <0.01, respectively), independent of diabetes and CKD. This relationship between dipstick proteinuric levels and functional status of hospitalized elderly suggests an underrecognized association. Prospective evaluation of long-term outcome is needed.
Scientific RepoRts | 7:42030 | DOI: 10.1038/srep42030 the prediction of adverse outcomes apart from the baseline renal function 8 . As explained above, although CKD is associated with poor functional status, it is still unclear whether proteinuria alone exhibits similar association with functional status regardless of CKD. No reports focus on this association using the severity of proteinuria among geriatric patients with acute medical illnesses.
We hypothesized that elderly with proteinuria on admission, regardless of the presence of CKD, are more likely to have poor functional status, and that a dose-responsive relationship between the severity of proteinuria and that of functional impairment exists. Therefore, we conducted a cross-sectional study to evaluate this theory.
Materials and Methods
Recruitment of participants and the study design. Elderly patients aged ≥ 65 years who were admitted to the general wards for medical illnesses between January and June 2014, were prospectively enrolled. Those who died within 2 days of admission, those who had anuria on presentation, or those who received chronic dialysis for ESRD were excluded. All participants underwent spot fasting dipstick urinalysis early on the day of admission, and were subsequently divided into 3 groups according to the semiquantitative levels of proteinuria assessed by dipstick (none, trace to 1+, and 2+ to higher). Demographic profile (age and sex), baseline comorbidity including hypertension, diabetes mellitus (DM), cardiovascular illnesses (coronary artery disease, myocardial infarction, heart failure, peripheral vascular disease, and old stroke), chronic obstructive pulmonary disease, CKD, autoimmune disorders, malignancy, peptic ulcer, and dementia/Parkinsonism were recorded based on patient history and corresponding laboratory and imaging findings. CKD was defined as an estimated glomerular filtration rate (eGFR) less than 60 ml/min/1.73 m 2 , using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula. The Charlson comorbidity index was calculated according to the literature 9, 10 . Physical examination parameters including blood pressure and heart rate were documented. All participants received a hemogram and serum biochemical tests on admission.
Functional status as the outcome of interest. Pre-morbid and in-hospital functional status among all the participants was evaluated using BI, through a standardized patient interview during admission conducted by dedicated nurse researchers. In brief, participants received BI assessment on the first day of their admission (the "on-admission scores"), and pre-morbid functional status was simultaneously recorded through asking the participants to recall their performance status one month prior to this admission (the "pre-morbid scores"). On the day of discharge, their BI scores were recorded again by the same group of interviewers ("the on-discharge scores"). Percentage changes between pre-morbid/on-admission and on-admission/on-discharge BI scores were also calculated.
BI is a classic tool for measuring performance in activities of daily living, and consists of 10 variables (15 points for 2 items: transfer from bed to chair, and walking; 10 points for 6 items: feeding, dressing, bowel and bladder continence, toileting, and stair-climbing; and 5 points for 2 items: bathing and grooming). The composite scores range between 0 and 100, with higher scores indicating better performance. Surrogate respondents (family members) were used for those who could not be interviewed due to severe cognitive impairment or an inability to communicate. Two interviews were done consecutively within one hour by different interviewers on the day of admission (for pre-morbid [by recall] and on-admission scores) or on the day of discharge (for on-discharge scores), so that the process of assessment would not disturb the routine admission care and the discharge preparation process. If there were discrepancies between the results obtained, we would average the two numbers and derive the final results.
The study protocol was approved by the Institutional Review Board of National Taiwan University Hospital (No. 201306089RINA), and adhered to the Declaration of Helsinki. All participants provided verbal informed consent before enrollment. For the analysis of factors associated with pre-morbid BI scores, only those with available pre-morbid BI scores were analyzed; for the analysis of factors associated with on-admission and on-discharge BI scores, data from all participants were used.
Statistical analysis.
To analyze the cross-sectional relationship between functional status at different scenarios and dipstick proteinuria results on admission, we first evaluated the differences among demographic profiles, comorbidities, vital sign parameters, and laboratory profiles between participants with and without proteinuria, using Student's t-test, and between participants with different degrees of proteinuria, using Analysis of Variance (ANOVA) with Bonferroni correction. Results of BI subscales were also compared between participants with different degrees of proteinuria on admission, using ANOVA with Bonferroni correction as well. Finally, multivariate stepwise regression analyses with backward variable selection, with the BI scores in the form of continuous parameters as the dependent variable were performed, incorporating demographic profiles (age and gender), all comorbidities (diabetes, hypertension, cirrhosis, coronary artery disease, old infarction, peripheral vascular disease, chronic obstructive pulmonary disease, chronic kidney disease, malignancy, peptic ulcer, old stroke, and dementia or Parkinsonism), the Charlson comorbidity index, vital signs (blood pressure and heart rate), laboratory parameters, and dipstick proteinuria results. In this study, all analyses were done using SPSS 18.0 software (Chicago, IL, USA); a two-sided p-value less than 0.05 was considered statistically significant.
Results

Clinical features of the recruited patients.
A total of 136 community-dwelling elderly patients (mean age 80.7 ± 8.2 years; 50% male) were enrolled during the study period. More than half of the participants had hypertension (57%), followed by DM (39%), malignancy (26%), and a prior stroke (21%), and CKD (19%). Among all participants, 17% did not have proteinuria, while 57% and 26% had trace to 1 + and 2 + to higher levels of proteinuria on admission, respectively. We did not observe any differences with regard to age and sex between patients with proteinuria and those without ( (p < 0.01), CKD (p = 0.01), and dementia/Parkinsonism (p = 0.03) than those without proteinuria, while those with higher severity of proteinuria also had higher prevalence of DM (p < 0.01) and CKD (p < 0.01) ( Table 1) . Charlson index scores were significantly higher among proteinuric patients than those without proteinuria (p < 0.01); Charlson index scores were also higher as the severity of proteinuria increased (p < 0.01). Finally, we observed no differences with regard to systolic, diastolic blood pressure, and heart rate between patients with proteinuria and those without. Proteinuric patients had a significantly higher leukocyte count (p = 0.04) and serum creatinine (p = 0.01) than those without proteinuria, while those with higher proteinuric severity also had higher leukocyte count (p < 0.01) and serum creatinine (p = 0.01) ( Table 1) .
Functional status assessment results using BI. Pre-morbid BI scores were available among 82 (60.3%) participants, and there were no significant differences with regard to demographic profiles, any comorbidity, and other clinical features between those with and without pre-morbid data (supplementary Table) . The average pre-morbid, on-admission, and on-discharge BI scores in this cohort were 50.4 ± 41.9, 38.6 ± 31.8, and 38.7 ± 35.3, respectively. We found that 50% participants had pre-morbid BI scores higher than 60, while 35.3% and 33.1% participants had on-admission and on-discharge BI scores higher than 60. Those with higher severity of proteinuria on admission also had significantly lower pre-morbid (for none, trace to 1 + , 2 + to higher, 78.9 ± 29.5, 47.2 ± 40.9, and 40.7 ± 44.4, respectively; p = 0.02), on-admission (for none, trace to 1 + , 2 + to higher, 60.4 ± 28.1, 37.7 ± 31.4, and 26.5 ± 28.3, respectively; p < 0.01), and on-discharge BI scores (for none, trace to 1 + , 2 + to higher, 70.7 ± 33, 32.1 ± 32.6, and 32.5 ± 31.8, respectively; p < 0.01) (Fig. 1 ). This inverse relationship between the severity of proteinuria and pre-morbid, on-admission, and on-discharge BI scores remained significant if proteinuria results were further divided into none, trace, 1 + , 2 + , and 3 + (p = 0.05, < 0.01, and < 0.01 for pre-morbid, on-admission, and on-discharge scores, respectively; Fig. 1 ).
On further analysis, we found that patients with dipstick proteinuria also had significantly lower pre-morbid BI subscale scores, including those for feeding (p = 0.04), grooming (p < 0.01), bathing (p = 0.02), bowel (p < 0.01) and bladder continence (p < 0.01), dressing (p < 0.01), walking (p = 0.02), and stair-climbing (p = 0.01) ( Table 2) . 
Heart failure 2 (9) 16 (21) Similarly, patients with dipstick proteinuria also had significantly lower on-admission BI subscale scores, including those for feeding (p = 0.01), grooming (p < 0.01), bowel (p < 0.01) and bladder continence (p < 0.01), toileting (p < 0.01), dressing (p < 0.01), transfer (p < 0.01), walking (p < 0.01), and stair-climbing (p < 0.01) ( Table 3) . Patients with dipstick proteinuria also had significantly lower on-discharge BI subscale scores, including those for feeding (p < 0.01), grooming (p < 0.01), bathing (p < 0.01), bowel (p < 0.01) and bladder continence (p < 0.01), toileting (p < 0.01), dressing (p < 0.01), transfer (p < 0.01), walking (p < 0.01), and stair-climbing (p < 0.01) ( Table 4 ). Higher severity of proteinuria was also associated with lower BI subscale scores in most scenarios. Among the participants, the percentage change between pre-morbid and on-admission BI scores was 43.2 ± 35.9%, while that between on-admission and on-discharge BI scores was 45.2 ± 50.1%. Participants with and without proteinuria had similar percentage changes between pre-morbid/on-admission (proteinuric vs. non-proteinuric, 45.1 ± 36.2% vs. 34 ± 35%, p = 0.36) and on-admission/on-discharge BI scores (48.5 ± 53.3% vs. 28.8 ± 24.8%, p = 0.09). In addition, if dipstick results were divided into none, trace to 1 + , and 2 + to higher, no significant differences were observed among those with different proteinuric severity, with regard to percentage changes between pre-morbid/on-admission BI scores (none vs. trace to 1 + vs. 2 + to higher, 34 ± 35% vs. 43.9 ± 35.4% vs. 47.4 ± 38.4%, p = 0.62), or to those between on-admission/on-discharge BI scores (none vs. The left side panels illustrated the relationship between dipstick proteinuric levels and premorbid (A), on-admission (C), and on-discharge (E) functional status, as measured by Barthel index among hospitalized elderly participants, divided into 3 groups; the right side panels illustrated the relationship between dipstick proteinuric levels and pre-morbid (B), on-admission (D), and on-discharge (F) Barthel index scores among all participants, divided into 5 groups.
trace to 1 + vs. 2 + to higher, 28.8 ± 24.8% vs. 48.4 ± 51.4% vs. 48.9 ± 58%, p = 0.23). Similarly, if dipstick results were divided into none, trace, 1 + , 2 + , or 3 + , no significant differences were observed with regard to percentage changes between pre-morbid/on-admission BI scores (none vs. trace vs. Regression analyses assessing the relationship between the severity of proteinuria and BI scores during the course of acute medical illnesses. Finally, we conducted multivariate stepwise regression analyses with backward variable selection, to evaluate the relationship between dipstick proteinuric severity and pre-morbid, on-admission, and on-discharge functional status. After accounting for demographic variables (age and gender), all comorbidities, and laboratory parameters (leukocyte counts, hemoglobin, platelet counts), linear regression analyses with BI scores as the dependent variable showed that participants with higher degree of proteinuria had significantly poorer pre-morbid (p = 0.048), on-admission (p < 0.01), and on-discharge functional status (p < 0.01) ( Table 5) . This relationship was independent of baseline DM or CKD status. A sensitivity analysis using an alternative categorization (none, trace, 1 + , 2 + , and 3 + ) similarly showed that the severity of proteinuria was significantly associated with BI score at different scenarios (for on-admission scores, t = − 3.1, β = − 0.24, p < 0.01; for on-discharge scores, t = − 2.21, β = − 0.17, p = 0.03). Sensitivity analyses accounting for the presence of acute kidney injury diagnosis on admission, or focusing solely on non-diabetic, non-hypertensive, or non-CKD participants yielded essentially similar results (Table 5) .
Discussion
In the current study, we found that among a cohort of prospectively enrolled elderly patients admitted for medical illnesses, those with dipstick proteinuria had significantly lower pre-morbid, on-admission, and on-discharge BI scores. Those with a higher degree of proteinuria on admission were more likely to have worse BI scores, and this relationship applied to most subscales of BI. Finally, regression models accounting for demographic profiles, comorbidities, and laboratory data showed that the relationship between proteinuric severity and functional status was independent of age, the presence of DM, CKD, old stroke, and serum creatinine on admission. It is therefore likely that the level of dipstick proteinuric severity can be closely associated with functional status, an important outcome-determining factor for acutely hospitalized elderly patients. The prevalence of proteinuria (from trace to 2 + and higher) in our study was higher than that reported by others. Population surveys reported that about one-fourth of septuagenarians manifest microalbuminuria 11 . Our enrollees had an advanced average age, and around 57% had hypertension, while only 39% and 19% had DM and CKD, respectively. Thus, age-related vascular aging and hypertension-related microalbuminuria might be partially responsible for the higher prevalence of dipstick proteinuria in our study. In addition, the acute illness prompting admission might also play a role in the prevalence of proteinuria on admission. Proteinuria can be a physiologic response to external stressors, such as fever and sepsis, which are common scenarios in acutely hospitalized patients, by affecting renal vascular tone 12 . Furthermore, about 40% of our enrolled participants were admitted for community-acquired pneumonia; evidence suggests that bacterial pneumonia, particularly pneumococcal pneumonia, is also associated with the appearance of proteinuria 13, 14 . Nonetheless, sensitivity analyses revealed that the independent relationship between proteinuric severity and BI scores exists even among those without hypertension or DM, and the relationship was borderline significant or those without CKD (Table 5) . These findings collectively indicate that these comorbidities might not significantly affect our results.
Common approaches for detecting proteinuria include the direct measurement of the urinary protein to creatinine ratio and the urine dipstick strip for semiquantitative measurement of protein. Previous studies have questioned the utility of dipstick proteinuria to predict the actual severity measured by direct protein quantification, especially when the proteinuria is severe or when screening for microalbuminuria is desired 15 . Despite its lower sensitivity for microalbuminuria and the potential for underestimating proteinuric severity, dipstick proteinuria still exhibits a strong and graded association with the risk for ESRD and mortality in the general population and those with CKD 16, 17 . In addition, there are reports suggesting that the severity of albuminuria correlated strongly with that of proteinuria, especially among elderly patients, the target population of this study 18 . Since the direct measurement of urinary albumin or protein is more expensive than a urine dipstick test and takes longer to obtain results, a urine dipstick for proteinuria might be economically preferable. Furthermore, we discovered an under-recognized but close relationship between dipstick proteinuria and not only pre-morbid functional status, but also that during admission and on discharge in the hospitalized elderly, further lending support to the importance of measuring dipstick proteinuria.
Existing literature rarely addresses the relationship between proteinuria and functional status. Turaj et al. reported that non-diabetic stroke patients with microalbuminuria might score lower on the BI, and another group reported similar results in post-stroke patients receiving neurologic rehabilitation 19, 20 . Ovbiagele et al. verified these results in stroke patients without known renal disease 21 . We further extended their findings by showing that the relationship between proteinuria and functional status was dose-dependent ( Fig. 1) , independent of CKD status, and was applicable to geriatric patients with or without stroke. There are several factors that could explain our findings. Microalbuminuria is reportedly associated with salt sensitivity, chronic inflammation, and insulin resistance, all of which contribute to endothelial dysfunction and vasculopathy development 10 . Microalbuminuria has also been recognized as a subclinical marker for atherosclerosis and microvascular diseases, representing a state of compromised functional or structural integrity of the vasculature 20, 22, 23 . Consequently, escalating severity of proteinuria could be a surrogate for more severe advanced cerebral small vessel disease and lacunar strokes, contributing to subsequent functional decline over time 24 . Heavy proteinuria by dipstick testing also predicts a higher risk of peripheral vascular disease, which has been shown to negatively affect activities of daily living 25 . Proteinuria might directly lead to lower functional status by contributing to hypercoagulability and the development of ischemic stroke and/or lower extremity venous thromboembolism 26 . Finally, proteinuria might serve as a marker for the overall severity of illness on admission, and is inversely associated with functional status after discharge 27, 28 . Past reports indicate that diseases with higher severity lead to more prominent functional decline 29 . Our findings suggest that dipstick proteinuria might be a token of the combination of an individual's functional status before an acute illness occurs and that during the acute illness as well. More importantly, there was no obvious association between the severity of proteinuria and functional decline observed during admission, further exemplifying our proposition that the independent relationship between proteinuria and functional status is present regardless of the acute illness per se. Functional status, presenting as BI scores, and proteinuria might share other pathophysiologic connections, as suggested above.
Our study has several limitations. The number of enrolled cases is not large, which might limit the applicability of our findings. This may also explain the borderline significant findings in our sensitivity analysis focusing on non-CKD participants. In addition, pre-morbid BI scores were available in about 60% participants, significantly limiting the generalizability of our findings to other elderly. However, if results with statistical significance can be discovered after analyzing the current cohort, we believe that the relationship between functional status and the severity of proteinuria we observed truly exists. Studies using larger cohort are needed for the validation of our findings. The use of BI alone might not fully capture the spectrum of functional status assessment for these patients, but the repeated verification of individual BI scores in this study and the uniform and standardized urine collection procedures increases the credibility of our results. Judging from the close relationship between the severity of proteinuria and pre-morbid, on-admission, and on-discharge functional status we observed, it would be prudent to pay more attention to older in-patients with severe proteinuria found during admission, as these patients are at higher risk of manifesting poorer function status even at discharge. Finally, unmeasured confounding factors of pre-morbid status and during admission might exist in this study, limiting the interpretation of our results.
Conclusion
We found a close relationship between dipstick proteinuria severity and functional status before, during, and after acute medical illnesses among older adults. Although measuring dipstick proteinuria levels cannot replace the practice of geriatric functional assessment, positive dipstick proteinuria still serves to alert us that the patient can be at higher risk of having poorer function before and after the acute insults. Formal functional status evaluation is recommended for these patients, in order to facilitate subsequent treatment planning for functional recovery.
